Genome-wide functional annotation of genes is one of the major challenges in current biology. Such investigation requires a high-throughput methodology for the efficient and parallel overexpression or silencing of multiplexed genes in living cells. The transfection method described here employs an electric pulse and a cell chip technology, and provides a possibility of analyzing gene functions in a high-throughput manner.
Introduction
Manipulation of gene expression in living organisms provides significant information on gene functions. To date, a various kind of methods have been developed for investigations of genes by gain-of-function study using plasmid DNA or loss-of-function study using small interfering RNAs (siRNAs). In these studies, transfection microarrays have been developed for the high-throughput transfection of nucleic acids into living mammalian cells.
The Human Genome Project completed in 2003 provided us the complete sequence of the 3 billion DNA subunits in the human genome (1). As a result, the number of human genes was estimated to be 20,000-25,000 (2). Accordingly the next challenge is to interpret the function of human genes in a genome-wide. This would be possible by large-scale functional genomics study in which individual genes are overexpressed or silenced in living cells. For this challenge, we need a novel method that allows to efficiently transfect a large panel of plasmids or siRNAs separately into cells in a high-throughput manner.
Transfection microarrays have been developed by several research groups (3-10). In this technology, a panel of plasmids or siRNAs is arrayed on a small chip and then cells are directly plated onto the array for transfection. In many cases, transfection is promoted by complexing nucleic acids with a cationic lipid enhancer. However, the efficiency of transfection is limited and, more importantly, transfection cannot be temporally controlled.
The method (11-17) that uses electric pulses to trigger the transfection of plasmids or 3 siRNAs permits more efficient and temporally-controlled transfection on a chip. This chapter introduces the method for the electroporation of cells with plasmids or siRNAs on a micropatterned electrode chip. Protocols are described for the case of overexpression of enhanced green fluorescent protein (EGFP) and silencing of endogeneous EGFP gene by siRNA. It seems that these examples help establishing an experimental setup for the parallel transfer of multiplexed plasmids or siRNAs. The protocols described here assume the use of specific apparatuses that we have used (thermal evaporator, ultraviolet lamp, fluorescence microscope, imaging software, etc.), but not restricted to them if similar experimental conditions can be achieved.
Materials

Plasmids and siRNAs
1. pEGFP-C1 and pd2EGFP-N1 (both from Clontech Laboratories, Palo Alto, CA) that code EGFP and destabilized EGFP, respectively, under the control of a cytomegalovirus promoter (see Note 1). 2. Minimal essential medium (MEM) (Invitrogen Corp., Carlsbad, CA) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 U/ml penicillin, and 0.1 mg/ml streptomycin.
Preparation of Plasmid-or siRNA-Loaded Electrodes
1. Glass plate (24 mm  26 mm  1.5 mm) (Matsunami Glass Ind., Ltd, Osaka, Japan).
Standard glass slides cut into the above size can be suitably used. 5. Methoxypoly(ethylene glycol) thiol (SUNBRIGHT ME-050SH, Mw = 5000, NOF Corp., Tokyo, Japan) dissolved in a 1 : 6 mixture of water and ethanol. The solution should be made fresh as required.
5. Quartz-based chromium photomask having an array of tiny windows.
6. Ultra-high-pressure mercury lamp (500 W, Optical Modulex SX-UI500HQ, Ushio, Inc., Osaka, Japan). 
Determination of Loaded Plasmid and siRNA
1. Rhodamine-conjugated plasmid DNA (pGeneGrip TM Rhodamine/GFP, Gene Therapy Systems, Inc., San Diego, CA).
2. EGFP-siRNA conjugated with rhodamine at the 3'-end (EGFP-siRNA-Rho): sense;
5'-GCAAGCUGACCCUGAAGUUCAU-3', antisense;
5'-GAACUUCAGGGUCAGCUUGCCG-3' (Qiagen). 6 3. Fluorescence microscope (MZ FLIII fluorescence stereomicroscope, Leica, Germany)
equipped with a cooled-CCD camera (ORCA-ER, Hamamatsu Photonics K.K., Shizuoka, Japan).
4. AQUALite digital imaging software (Hamamatsu Photonics).
Electroporation
1. Electroporation setup ( Fig. 1) connected to a pulse generator (ElectroSquare-Porator T820, BTX, San Diego, CA or Gene Pulser Xcell, Bio-Rad, Hercules, CA).
2. Standard cell culture facility with CO 2 incubator, laminar flow clean bench, autoclave, centrifuge, etc.
4. 70% Ethanol solution for disinfecting.
5. Sterilized and cooled PBS.
6. Inverted fluorescence microscope (BX-51, Olympus, Tokyo, Japan).
Methods
Preparation of plasmid-or siRNA loaded electrodes
1. A glass plate is treated with a Piranha solution at room temperature for 5 min to remove impurities. The cleaned glass plate is thoroughly washed with deionized water and 2-propanol, and dried under a stream of nitrogen gas (see Note 5). 6. An aliquot of PEI solution is manually applied to the carboxylic acid-terminated spots 
Determination of Loaded Plasmid and siRNA
1. To determine the amount of plasmid loaded on the electrode surface, pGeneGrip TM Rhodamine/GFP is loaded by the same procedure as described above but in the dark, and visualized with a fluorescence microscope equipped with a cooled-CCD camera. In the case of siRNA-loaded electrodes, EGFP-siRNA-Rho is used.
2. Fluorescence intensity is determined on a plasmid-or siRNA-loaded spot using the imaging software and converted to their loading amounts using calibration curves that are obtained by depositing the plasmid or siRNA of known amounts on the PEI-adsorbed gold surface (see Note 11). 9 
Electroporation
1. A sterilized silicone frame (Fig. 1A) is attached to the plasmid-or siRNA-loaded electrode to confine the cell culture region.
2. A suspension of HEK293 cells is transferred within the silicone frame at a density of 45,000 cells/cm 2 for plasmid-loaded electrode or 60,000 cells/cm 2 for siRNA-loaded electrode.
3. The plate is placed in a polystyrene cell culture dish. MEM containing 10% FBS, 100 U/ml penicillin, and 0.1 mg/ml streptomycin is added to cover an entire surface of the 4. It is a hazardous solution and must be handled with care. 11 5. This chapter assumes the use of gold electrode as a platform for the preparation of transfection microarrays. A transparent electrode made of indium-tin-oxide (ITO) can be used as an alternative substrate (12). In this case, the layer-by-layer assembly of PEI and plasmid DNA is efficient for the stable loading and efficient transfection.
6. The thickness of chromium and gold layers can be monitored using a quartz crystal microbalance sensor (Inficon, Leybold AG, Köln, Germany) equipped in a sample chamber.
7.
A holder for a glass plate and a photomask helps preventing dislocation of the photomask during UV irradiation. This process produces an array of spots presenting a pristine gold surface. We routinely prepare an array of circular spots with a diameter of 1 mm, to which more than 2000 cells can adhere. The spot size can be easily reduced down to, for instance, 0.2 mm by changing the design of a photomask, but it must be taken into consideration that too less number of cells affects the reliability of data obtained from a single spot.
8. This process produces an array of spots presenting carboxylic acid-terminated SAM which is surrounded by the methyl-terminated SAM.
9. PEI can be replaced with highly-cationic amidoamine dendrimers for the enhancement of electroporation efficiency (15). Modification of PEI-adsorbed surface with carboxylated carbon nanotubes also enhances electroporation efficiency (13). 14. An electric field strength has great influence on transfection efficiency and should be optimized for specific cases. with permission from Springer 2008. 
